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our lab primarily focuses on how PAM is specified and
patterned during development, we are also interested in how
this tissue exerts its effects on the formation of neighboring
tissues, specifically the intermediate mesoderm (IM) that will
give rise to the kidney and gonads. We used mouse embryos
that are deficient in posterior somite formation to study how
this affects IM formation. Tbx6 and wnt3a mutant embryos
form approximately 9 anterior somites, and from the
forelimb bud caudally ectopic neural tissue forms at the
expense of PAM. Pax2 an early marker of IM was expressed
in each mutants anteriorly, but more caudal expression
terminated prematurely. This demonstrates that PAM is
required for the continued formation and elaboration of
IM. Through genetic combinations, we reduced the number
of anterior somites to 4–5 and show that IM fails to form in
these embryos as judged by a lack of Pax2 expression.
Using a transgene that marks IM (hoxb7-GFP), we further
show that mouse embryos containing both ectopic neural
tissue and somites will form some IM structures, but these
are often malformed. These results support work in the chick
that also shows a dependence of IM on signals emanating




Vascular differentiation defects associated with activated
Notch signaling in endothelia of the mouse embryo
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Notch signaling is known to play a role in the formation of
the vascular system in the mouse. Loss-of-function and gain-
of-function mutations in certain receptors and ligands of Notch
lead to defects in the vascular system and embryonic lethality,
though a detailed description of these functions remains to be
determined. To further understand the role of Notch signaling
during endothelial differentiation, we are using a binary
transgenic mouse model that expresses an activated Notch1
intracellular domain in the embryonic vasculature. Several
defects are seen in these transgenic embryos, which do not
survive after 10.5 days postcoitum. These abnormalities
include poor growth and development most notably in the
posterior, an enlarged pericardium, and abnormal head and
yolk sac vasculature. The vasculature of the yolk sac fails to
differentiate fully, with few matured vessels. The vascular
defects resulting from activated Notch1 expression further
demonstrate the importance of Notch signaling in vascular
differentiation, and provide a valuable in vivo tool to identify




Inhibition of oral–facial clefting gene Interferon
Regulatory Factor 6 disrupts gastrulation, pectoral fin
formation, and somite boundary formation in zebrafish
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Genetic variation in Interferon Regulatory Factor 6 (IRF6)
contributes to oral–facial clefting in humans and null alleles
cause Van der Woude syndrome (VWS) which includes clefting.
Other members of the IRF family of transcription factors are
involved in regulating the immune response but the function of
IRF6 is unknown. To determine the in vivo function of IRF6, we
identified the zebrafish ortholog and found it to be expressed
maternally and by 24 h in oral, nasal, otic and pharyngeal arch
epithelia. To inhibit Irf6 function, we tested 5 unique morpho-
linos targeting irf6 but saw widely variable phenotypic effects.
We then built a putative dominant negative variant of Irf6
(dnIrf6) composed of only the Irf6 DNA binding domain.
Embryos injected with dnIrf6 RNAdie with loss of cell adhesion
during gastrulation; this phenotype is efficiently rescued by co-
injection of full length irf6 RNA. Embryos injected with a low
dose of dnIrf6 RNA survive gastrulation and develop with
reduced or absent pectoral fins, blistered skin and diffuse somite
boundaries. Interestingly, p63 is also a human clefting locus and
zebrafish p63 MO-injected embryos superficially resemble
embryos injected with dnIrf6. Results from Irf6/p63 epistasis
experiments and efforts to rescue zebrafish phenotypes with
wild-type and VWS alleles of human IRF6 will be presented.
doi:10.1016/j.ydbio.2006.04.208
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A reverse-genetic screen identifying RhoGEF genes that are
essential for zebrafish epiboly
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We are interested in molecules controlling the cellular
changes underlying morphogenesis during vertebrate gastrula-
tion. RhoGTPases have emerged as key regulators of cell shape
changes and already have been implicated in one gastrulation
movement: convergence. A survey of known metazoan pheno-
types resulting from mutations within the RhoGTPase pathway
suggested the RhoGEF regulators of RhoGTPase activity as
promising targets for a reverse genetic screen to find additional
roles for RhoGTPase signaling during gastrulation. An in silico
search identified 71 predicted zebrafish RhoGEFs with complete
DH domains—the conserved signature of RhoGEFs. RT-PCR,
subcloning, and sequencing showed that at least 48 of the
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predicted DH domains are expressed during the first 24 h of
embryogenesis. For 23 of these RhoGEFs, we designed splice-
blocking morpholinos (MOs) to block inclusion of one exon and
introduce a frame shift upstream of the DH domain, leading to
nonsense-mediated decay in three out of three instances tested.
To maintain a high-throughput approach and to focus our
analysis on morphogenesis, we developed a time-lapse system
that traces the parallel growth of over 50 embryos. In this way,
we have identified three RhoGEFs that are essential for epiboly
movements and yolk cell integrity, and a fourth RhoGEF that is
critical for survival beyond the bud stage. Defects in F-actin
distribution for these four morphants are consistent with their
phenotypes. Using 5V and 3VRACE, we have obtained full-length
clones for these four genes and biochemical assays to identify
their RhoGTPase targets are being pursued.
doi:10.1016/j.ydbio.2006.04.209
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Msx1 andMsx2 are essential for myocardial patterning and
morphogenesis of the outflow tract and atrioventricular
cushions
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Combined deficiencies of the homeobox genes Msx1 and
Msx2 in mice have been shown to cause a broad spectrum of
cardiac anomalies overlapping with those seen in human patients
of Wolf–Hirschhorn syndrome. Here we investigate the cellular
mechanisms that contribute to these cardiac defects. In the
Msx1–Msx2 double mutant anterior heart field progenitor cells,
there was normal expression of early markers Isl1 and Mef2c,
yet reduced expression of later markers Hand1, Hand2, Fgf10
and Pitx2. Normal dextral cardiac looping in the Msx1–Msx2
double mutants further supports that Msx1 and Msx2 function
primarily in post-looping morphogenesis. Misexpressed Pitx2
was also observed in the double mutant atrial myocardium and is
associated with mispatterning of the atrial myocardium as well
as atrial septal defect. In addition, we found excessive
proliferation of cardiac neural crest, endothelial and myocardial
cells in the double mutant outflow tract between E10 and E11,
which is associated with increased Bmp signaling and reduced
p27KIP1 expression and may further contribute to the outflow
malalignment defects. Moreover, in the double mutant atrioven-
tricular cushions, reduced levels of Bmp2, Bmp4 and Pitx2
caused impaired endothelial-to-mesenchymal transdifferentia-
tion and hypoplastic atrioventricular valves. In summary, our
findings suggest thatMsx1 andMsx2 are key regulators of post-
looping development of the outflow tract myocardium and




CASTOR is fundamentally required for early
embryogenesis in Xenopus
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We have identified a homologue ofDrosophila Castor, a zinc
finger transcription factor, in both Xenopus laevis and Xenopus
tropicalis. Drosophila Castor has been shown to be one of the
last transcription factors expressed by late-born neuroblasts
prior to their differentiation, thereby specifying neuronal cell
fate. In addition, Castor has been identified in mouse, where it is
also highly expressed in the developing heart. We have gone on
to characterize Xenopus Castor expression by in situ hybrid-
ization revealing Castor to be expressed in the developing heart
and CNS. RLM-RACE was used to determine 5V cDNA
sequence of Castor. Results from these studies have shown
the presence of two Castor transcripts, both with unique
transcriptional and translational initiation sites. To determine
the precise requirement for Castor, we designed morpholinos in
order to deplete each alternate transcript individually and in
combination. Results from these studies show a fundamental
embryonic requirement for CASTOR in both the heart and in
the nervous system. In the cardiac lineage, as shown by
histology, TEM, in situ, and antibody staining, CASTOR is
required during stages coinciding with early cardiac differen-
tiation. Since depletion of either Castor transcript leads to
cardiac abnormalities, our results suggest that both CASTOR
proteins are required for early steps of cardiogenesis.
doi:10.1016/j.ydbio.2006.04.211
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Development of adult abdominal muscle innervation
in Drosophila
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In holometabolous insects such as Drosophila, the transition
from larval to adult body form is characterized by radical
transformations. Behaviorally, a crawling animal is transformed
into one that is capable of flight. Thus, two distinct motor sys-
tems are generated during the life-cycle of the animal. Formation
of the adult motor system involves remodeling of persistent
larval motor neurons, which innervate muscle fibers that are
mostly generated anew. We are using the adult abdominal
muscles as a model to study remodeling and developmental
plasticity during metamorphosis. Preliminary work in our
laboratory has characterized the neuromuscular junctions of
abdominal muscles (Hebbar, et al., J. Neurobio., in press). In
order to correlate the remodeling of motor neurons in the central
nervous system with the changes in innervation and motor units
at the periphery, motor neuron-specific Gal4 drivers are being
used to identify the location of cell bodies in the CNS as well as
their characteristic projections in the periphery. This will be
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